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Abstract 

This thesis details the design build and testing of a variable buoyancy marine float for use in the Open 

Ocean Aquaculture sector. The aim of the design was to produce a float that could vary its buoyancy 

to account for a constantly increasing downward load. The emphasis was to maintain the same water 

depth through a marine farm growing season. 

A literature review showed a wide range of variable buoyancy devices. There was a lack of emphasis 

on variable buoyancy devices for use in open ocean marine farms. Few designs were developed for 

long term autonomy or harsh conditions, leaving a gap for a new design to fulfil the needs of the New 

Zealand Aquaculture Industry. 

A float using compressed air to displace water in the float to increase buoyancy was developed with 

off the shelf parts. A testing tank was constructed with appropriate anchor points for submersion 

testing. The float was tested at depths of up to 400mm using a load cell to determine if it was 

functioning correctly by measuring increasing load due to buoyancy. It was observed that the float 

operated as expected, with the results of the testing showing that the design is feasible. The design 

requires improvements before open water testing, but the proof of concept was demonstrated. 
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1.1 Background 

New Zealand is surrounded by ocean with a large amount of it being unprotected from weather events 

by geographical features, commonly known as the open ocean. As the amount of available farmland 

decreases people are turning to the ocean as a source of food, with the challenge of farming in volatile 

ocean conditions. Subsurface farming is one solution that could potentially allow commercial success 

in this area as wave and wind action has a reduced effect below the water’s surface. Submerging a 

farm under the waters surface provides its own challenges, including providing the right amount of 

buoyancy for a continually increasing crop, while keeping the farm manageable and able to be 

submerged by a single farming vessel. The inability to regularly maintain the farm due to foul weather 

preventing vessels from leaving port is one of the biggest issues with this method of farming as the 

increasing weight of the farm does not slow down for bad weather. Without the ability to increase the 

buoyancy of the farm autonomously the farm has the potential to sink to the bottom and lose a large 

percentage of its crop. 

1.2 Specifications 

The primary aim was to deliver a variable buoyancy buoy for use in Open Ocean Aquaculture within 

New Zealand. The device will provide an easy to manage, low risk and economical solution to having 

a variable buoyancy open ocean marine farm. This was broken down as follows- 

1. Design a system that could increase the buoyancy of a float submerged underwater. 

2. Be able to be deployed at the same speed as an industry standard marine farm buoy. 

3. Have the capability to run independently for one year to reduce maintenance costs. 

4. Be able to provide maximum buoyancy at will and preferably return to a set point. 

5. Be safe for use. 

A compressed air system was designed around a paintball canister, providing the ability to scale up 

the design for a larger buoy by adding a larger compressed air cylinder. The utilisation of compressed 

air provides a robust solution that minimises the amount of moving parts as would be the case with a 

system using a pump. 
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Chapter 2 

 

2 Literature Review 
 

 

 

 

 

Summary 

 A literature review was conducted to establish the 

present state of knowledge regarding Open Ocean 

Aquaculture and variable buoyancy technologies. The 

review revealed a number of patents in the field of 

variable buoyancy with few commercial examples in 

use. 
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The majority of the current New Zealand Greenshell mussel industry is farmed in sheltered coastal 

areas. This area of cultivation does not experience the same level of volatile ocean conditions as open 

ocean sites allowing a more surface orientated approach to farming. As can be seen in Figure 1, 80 

percent of Greenshell mussel production is concentrated in the Marlborough and Coromandel regions, 

in sheltered and semi sheltered areas [1].  

 

Figure 1: Major aquaculture areas in New Zealand and their corresponding contributions to the total seafood produced. [1] 

2.1 Economic Benefits of New Zealand Aquaculture 

The growth rate of aquaculture in New Zealand between 1989 and 2002 was 14.7%, which decreased 

to 6.3% in the 1999 to 2009 decade. This is likely due to a moratorium of new space for aquaculture 

developments in 2004. According to a study carried out in 2010 the net economic benefit to New 

Zealand from aquaculture growth by 2025 could be as high as $1.1 billion, with more pessimistic 

projections placing it at $0.91 billion. A growth in the mussel industry would result in a relatively high 
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flow on effect to the New Zealand economy due to the large amount of domestic intermediates used 

relative to the oyster and salmon industries [2]. 

The New Zealand marine economy contributed a total $4.0 billion (1.9% of total GDP) to the economy 

in 2013, with near a quarter being from fisheries and aquaculture. This can be seen in Figure 2 [3]. 

Exports of aquaculture products in 2011 were estimated to be worth $300 million, which included 

King salmon, Greenshell mussels and Pacific oysters [4]. 

 

Figure 2: New Zealand’s marine economy and its constituents from 2007 to 2013 [3]. 

2.2 Greenshell Mussel Farming Methods 

The current method of inshore farming Greenshell mussels in New Zealand uses a longline based 

system as seen in Figure 3 and Figure 4. The depicted method uses a surface rope with specially 

designed mussel floats attached to it, where the surface rope is anchored to the sea floor using a range 

of methods including Danforth anchors, concrete blocks and screw anchors. A continuous dropper 

crop rope is then hung from the backbone in stitching pattern that differs depending on the conditions 

and operator. 
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Figure 3: Detail showing Greenshell mussel longline main lines, buoys and cultivation ropes [5] 

 

Figure 4: Cross section of a surface longline marine farm [6]. 

When exposed to rougher offshore conditions the traditional surface longline system is sometimes 

changed to a semi subsurface longline system as seen in Figure 5. This system utilises submerged floats 

to hold 66% of the crop weight with the remaining 33% being held up by the surface floats. The surface 

floats also give an indication of the load on the backbone and thus crop growth and the need for 

additional floats [6]. This helps to reduce the energy transferred to the crop ropes which in turn 

reduces the amount of crop that is shaken off in volatile conditions. Some variations of this method 

employ only a single backbone. 
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Figure 5: Cross section of a subsurface longline  marine farm [6]. 

Current farm maintenance including seeding and harvesting utilise specialised vessels with machinery 

designed to lift a longline and harvest a continuous crop rope. These vessels can carry over 100 tons 

of harvested mussels, but can experience issues when working in particularly volatile conditions. 

Rough ocean conditions can put the crew at risk on the deck as well as cause equipment damage and 

crop loss over the side. 

2.3 Blue Mussel Farming Methods 

The Smart Farm system was recommended for use in the Baltic Sea despite its high investment cost 

due to its lower production price per ton. The buoyancy component of the system uses an air-filled 

plastic tube that sits on the surface with a handmade mesh net extending below it. The net acts as a 

substrate for the mussels to grow on. The pipes are flexible and have been used in waves up to 7 

metres high and a current of 4 knots. The pipes are usually 125 metres long with a life time of 10 years 

before renovation is needed [7].  The Smart Farm pipe called a Smartunit can be submerged by filling 

the pipes with water and sinking it to the seabed, where it will stay until it is lifted and air is pumped 

in through the bung hole. The system employs a specialised harvesting device that uses brushes and 

a vacuum to pull the mussels off the net and into a holding chamber where they are then pumped on 

board a ship [8]. 

In continental Europe the main method of cultivation mussels is a raft based system that varies in 

design [9]. The rafts have single droppers hanging from them that the mussels are cultivated on until 

they are harvested.  Images of a raft based system can be seen in Figure 6, where the double anchor 

system can also be replaced with a singular anchor system in certain designs. 
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Figure 6: Left) Diagram depicting a raft based blue mussel system anchored to the sea floor. Right) The top of a blue mussel 

cultivation raft [10].  

2.4 Fish Farming Methods in the Open Ocean 

The University of New Hampshire deployed a prototype open ocean fish cage from June to November 

2006. The fish cage utilised two rings made from HDPE pipe, these two rings maintain the shape of 

the net and with the upper ring having variable buoyancy and the bottom ring being weighted. The 

lower ring was then connected with a bridle to an airlift and ballast chain. 

 The cage was connected to the bottom using four ropes, two of which had load cells installed where 

the primary current direction would apply load. The load cells were constructed to work in a tension 

range of 0-133kN with a maximum tension of 267kN and torsional loads had very little effect on the 

readings due to the design.  The cage survived the deployment period through harsh conditions, 

indicating that pipe and connection components may be suitable for the open ocean [11]. 

2.5 Monitoring Technologies 

A study into a remote monitoring system was carried out on the University of New Hampshire’s fish 

cages six miles offshore, with optical cameras, acoustic sensors and a telemetry system for transferring 

the data to shore. The findings found that the optical cameras gave a clear image of the inside of the 

fish cage when there was enough light and the water was free of particles. In contrast, the acoustic 

system testing was inconclusive in providing information on the biomass of the fish due to the low 

resolution of the imaging. The radio telemetry system worked well on the testing bench but due to 

electronic issues did not work on site. Similar telemetry systems have worked well for two way, long 

distance communication [12]. 



9 
 

2.6 Float Technology 

The standard floats used in New Zealand mussel farming consist of polyethylene which has been 

formed using rotational molding techniques. These floats attach to the backbone by slipping the rope 

into slots in the handles, which are secured with mussel lashing as seen in Figure 7. These floats for 

the surface longlines are not built to withstand extended submersion, which can be caused by a lack 

of floats and unexpected growth. To ensure that a line does not reach this level of submersion and 

subsequent sinking regular farm maintenance which includes adding more floats to the backbone is 

carried out as needed during the growth of the mussels. This is a time expensive task and requires 

that the farms have regular visual monitoring on the level of floatation. The floats used on a 

submerged backbone are generally smaller than surface floats and filled with air to a higher pressure 

to withstand the submersion. The floats can experience significant biofouling which needs to be 

removed during harvesting, or before a float is removed from the farm due to giving the float an 

unwieldly weight. One of the problems that the floats currently experience is friction with the 

backbone at the handle connection point, causing damage and a reduced life to both the float and 

backbone.  

 

Figure 7: Japanese quick release float tie method [5]. 

2.7 Variable Buoyancy Technology 

2.7.1 Commercial Technology 

One commercial variable buoyancy float is the Argo profiling buoy. The buoy works by being neutrally 

buoyant at its target depth where it will sit until it inflates an external bladder with liquid to allow it 

to float to the surface and transmit salinity and temperature data to a satellite. To inflate the buoy a 

battery powered pump is used [13]. 
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2.7.2 Patents 

In 1946 a patent for an automatic buoyancy control device was filed. The device aimed to provide 

buoyancy control for a gas operated underwater suspension device that brings the device to a pre-set 

operating depth with minimal oscillation as it seeks the required depth. The device is comprised of a 

balloon having secured its upper end to a release valve to which is fastened a damping vane as seen 

in Figure 8 [14]. 

 

Figure 8: Buoyancy control system, Patent# US 2968053[14] 

A constant volume buoyancy device used for diver weight compensation was patented in 1978, where 

the device uses a diver’s scuba tank to control the volume of air in a rigid container attached to the 

diver. The rigid container helps to minimise the changes in buoyancy that is caused by a standard 

pressure compensator compressing at depth. The airflow into the container is controlled by the diver 

through a device on their regulator which allows air from the tank to flow to the container and air 

from the container to flow to ambient water. To increase buoyancy a valve on the bottom of the 

container is opened and air is pumped in to displace the water to the outside. When a decrease in 

buoyancy is required the top valve is opened to allow seawater to enter the container and displace 

the air. When no air is available to provide to the container the bottom valve can be opened and the 

diver may kick off the bottom. This allows the air to expand and displace the water thus increasing 

buoyancy and getting the diver to the surface [15] 
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Other work on a buoyancy device was done by Joseph Imlach et al in 2009. The device utilises a pump 

to change the buoyancy by displacing a working fluid from a working chamber to a piston member to 

alter the volume of a control chamber. The control chamber allows water to flow into it via holes to 

the ambient fluid, when water is expelled via the piston the total density of the system decreases thus 

increasing its buoyancy as seen in Figure 9 [16]. 

 

 

Figure 9: Buoyancy control systems and methods, Patent# US 2009/0178603 A1[16]. 

A patent filed in 2012 details a buoyancy control device for divers with the function to control ascent 

and descent rates, impose a maximum depth limit,  hold a set depth and follow a decompression 

profile [17].  The device uses a combination of sensors to track the ambient water pressure, diver 

acceleration and speed. These sensors then feed into an algorithm that activates a number of 

pneumatic valves to inflate and deflate a bladder. The novel controller damps the positive feedback 

loop within the bladder, such that the ascent or descent speed is limited, and the diver can be held at 

a set depth. 

A further patent filed in 2012 by Kazuhiro Watanabe et al describes a float device with a variable 

volume cylinder seen in Figure 10. The volume is controlled by a hydraulically powered piston. The 

goal of the device is to improve upon similar inventions by reducing the number of parts  and 

controlling a buoyant force with high accuracy during both ascent and decent [18]. 
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Figure 10: Float device Patent# US 8601969 B2 [18]. 

A variable buoyancy float for use in undersea pipe laying was proposed in 1965. The spirit of the design 

was to decrease the floats buoyancy as it ascended in order to maintain a curve in a laid pipe until it 

reached the seabed. By using a float shell with high pressure gas inside and a pressure actuated valve 

that allows sea water to flow into the shell when the external water pressure exceeds the internal 

pressure of the float the float can continue to decrease its buoyancy the deeper it descends. To aid in 

recovery of the float a measured amount of liquid that is less dense than water is used to separate the 

internal air from the seawater in the float, which allows the float to maintain a small amount of 

buoyancy at any depth due to the incompressibility of the liquid, an example of this can be seen in 

Figure 11. This liquid serves the triple purpose of also preventing the gas from dissolving in the 

seawater, maintaining the gas volume in the float for multiple deployments and preventing gas leaks 

though the actuated valve [19]. One issue with this design is that some of the internal liquid could be 

lost due to changes in air pressure at the surface which could lead to pollution of the surrounding 

environment. The use of an internal liquid to ensure positive buoyancy regardless of depth and 

prevent mixing of air with seawater may be useful for the current project if a pressurised gas system 

is used. Although the usefulness of a mechanism that decreases buoyancy as it descends is not 

needed. 
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Figure 11: Water entering a buoyancy decreasing float with a separating liquid [19]. 

Through the use of a rigid submerged float attached to a collapsible chamber made from some form 

of plastic or rubber the buoyancy can be increased by allowing egress of pressurised air from the rigid 

float to the collapsible chamber. To decrease the buoyancy of the system again an air compressor is 

used to pump the air back into the rigid vessel. The control and power for these functions is controlled 

by a surface vessel via an armoured cable. The intended use of this system is to reduce stress and 

strain on mooring cable under current and swell loading, and permit the lifting of the anchoring weight 

to move it to a new location by a surface vessel or under water vehicle [20]. The use of a surface vessel 

to control buoyancy and provide power is not ideal as linking multiple floats together can prove 

troublesome in terms of durability for uses such as shellfish farming. The use of a collapsible chamber 

can provide large amounts of buoyancy at the expense of robustness when subjected to impacts from 

vessels and other parts of a shellfish farm. 

A variable buoyancy device aimed at divers utilises a fixed volume cylinder that is initially void of water 

to be filled with seawater in order to decrease the diver’s buoyancy. The cylinder is directly connected 

to a pressurised air source via at least two regulators to maintain the pressure inside the cylinder at 5 

psi above ambient pressure. To fill the cylinder with water a pressurised air actuated diaphragm pump 

is used to pump water into the cylinder at the command of the diver with a button. The air source for 

the pump comes before the final regulator to the cylinder to ensure that the air pressure to the pump 

is higher than the internal pressure of the cylinder. In order to remove water from the cylinder to 

increase buoyancy and rise to the surface a ballcock valve is held open by the diver which lets the 
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pressurised air force water out of the cylinder. A pressure relief valve is used to vent air from the 

cylinder to ensure the internal pressure does not exceed that provided by the pump [21]. The hydraulic 

pneumatic layout for this device can be seen in Figure 12. The use of an air actuated pump with two 

regulators allows a pressurised cylinder to be filled with water, which could be a key concept in an air 

powered marine farm float as the air flow can be controlled easily with electronic valves. One of the 

issues with this design is that the loss of air for every operation could result in a limited air source 

being used up quickly. 

 

Figure 12: Hydraulic pneumatic layout of the diver buoyancy device [21]. 

In 1967 an Underwater Buoyancy Transport Vehicle was designed to assist divers in in lifting 

underwater loads. The vehicle uses a central sphere that can be filled with water to decrease buoyancy 

and pumped with air via a tether line to the surface to increase the buoyancy. To control this butterfly 

valves are positioned on the top and bottom of the sphere and the introduction of air into the sphere 

is controlled by a diver, this allows the buoyancy to be completely controlled. To maintain stability of 

the device four fixed buoyancy cylinders are attached to four corners of the central sphere with 

tubular members [22]. Improvements were made on this design by Strickland in 1973 with the goal of 

making the system self-contained by removing the need for a tether and providing pressure 

compensation for the main buoyancy chamber. The pressure compensation in regards to the ambient 

pressure increases the safety of the device by preventing run away descents when water is allowed 

into the tank and allows the wall thickness of the chamber to be reduced. A gas generator was 

proposed to provide pressurised gas to the buoyancy cylinder using Hydrazine as a fuel to produce 
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nitrogen, hydrogen and ammonia with an exhaust gas temperature of 538 Celsius. To control the flow 

fuel to the gas generator a flow control valve that can be controlled by the diver is used. The buoyancy 

is further fine-tuned using hydraulically actuated butterfly valves on the top and bottom of the 

buoyancy cylinder. The pressure compensation was controlled using a pressure relief valve to reduce 

the internal pressure during ascents and a flow bypass was used to provide fuel to the gas generator 

during ascents as seen in Figure 13 [23]. The exhaust gas temperature could cause durability issues in 

this design in the long term despite the patent specifying a long exhaust to help cool the gas. The 

release of ammonia into the ambient environment could cause environmental concerns if the design 

is widely used in a marine farming system. Another issue with this design is the high flammability and 

toxicity of hydrazine, which would have considerable health and safety as well as environmental 

concerns for staff working with the device [24]. 

 

Figure 13: Pressure compensated variable buoyancy device with Hydrazine fuel and gas generator [23]. 

A buoy that cycles its depth on a submerged rope was patented in 1976 by Erath et al cycles between 

two an upper and lower depth limit using an inflatable bladder. The inflation of the bladder is 

controlled by two valves, a deep dive valve for the lower limit and a shallow dive valve for the upper 

limit. The valves are calibrated with screw caps that tighten the springs in the valves so they are 

suitable for the depth limit required.  The valves use the pressure of the seawater pressure as 

reference to control when they are letting air into or out of the bladder via spool valves. The shallow 

dive valve vents the air to the surrounding water to decrease the buoyancy. The air pressure applied 

to the deep dive valve is maintained at a pressure differential of 2.5 bar to ambient water pressure. 

This is to ensure adequate but not excessive pressure to inflate the bladder. Another aspect of this 

design is using a system that takes on water to compensate the loss of weight in the system when air 
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is vented. During storage on the surface the deep dive valve stays closed due to the low ambient 

pressure allowing the system to be stored without having to be disarmed [25]. The relevancy of this 

device to the current project is the valve based system that is driven from the pressure of the 

surrounding ocean in conjunction with a compressed air tank, although a more controllable system 

would be required for use in marine farming. The bladder based system would not be applicable for a 

marine farm based system due to durability issues in the long term. 

In 1995 a method for deploying a surface buoy from a submersible vehicle was designed to reduce 

cargo space required on board while still providing the buoyancy needed to not get washed over by 

waves. When deployed the device is just buoyant but uses a high internal air pressure to expand a 

bellows or flexible collar to increase its volume. This expansion increases as the depth decreases to 

provide maximum buoyancy at the surface. As the buoy is winched back to the vessel the buoyancy 

and volume decreases making the winching and storage easier [26]. A buoy for a similar purpose was 

designed in 2016 using an internal gas pressure bladder or closed cell foam that forces water from an 

internal enclosure as the buoy heads to the surface. When the buoy is retracted the buoyancy 

decreases to make the load on the underwater winch less than it would be with a fixed buoyancy float 

[27].  The usage of this method of flotation in aquaculture is limited as a farm is at a fixed depth and 

would not undergo the change in depth necessary to use this method to its full extent. 

A float and ballast system was devised in 1997 for use in sinking floating objects, positioning objects 

in the water column and floating sunken objects. The patent states it potential use in marine farming. 

Using an umbilical cord or on-board air supply and a system of valves to the exterior of the float the 

water level inside the float can be controlled by displacing water in a floodable chamber thus changing 

the buoyancy. A pressure differential of 100 psi is maintained from the interior of the float to the 

exterior which reduces forces acting on the float shell. It is stated that an internal membrane can be 

used to separate the air and the water which would allow the device to work while inverted.  The 

ascent or descent rate can be controlled via the airflow inlet rate or water inlet/outlet rate. The 

method of connection to the mooring lines or additional structures is also stated as part of the patent. 

To prevent the float from becoming stuck to the bottom a scouring method was described that used 

the water displaced from the flood chamber to scour the mud/sand around the float to allow it to 

overcome suction forces and rise to the surface [28]. The patent does not describe the control system 

of its structure and how it may be automated to reduce an ever changing load nor how such a device 

will be designed for multiple uses in a long term environment. 

A method of inflating individual cells was patented in 2004 that uses individual variable buoyancy cells 

joined by a dual air and water manifold that connects the cells together in an open system to increase 
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and decrease buoyancy. The water or air is allowed into and out of the cells via an open orifice in the 

bottom of the cells to prevent air flowing between the cells the water manifold is filled with water 

with its outlets in the top of the cells as far from the orifice as possible. To ensure filling of all the cells 

a sufficient airflow rate is required as the air can be lost from each cell in the line as it fills first [29]. 

This design could be useful for a multi chamber float design but requires to wasteful a flow rate for 

use in a long term independent system. 

One buoyancy device devised for an AUV was utilised an air and pump combination system to 

maximize the efficiency of its power supply. A compressed air supply feeds an inflatable air bladder 

that is housed in a floodable tank. The bladder is used to help pressurize the water entering a hydraulic 

piston style pump to decrease the load on the pump. The water entering the floodable chamber helps 

to regenerate power for the battery via a turbine in the water flow. The system is to be designed to 

withstand depths of 6000m with a buoyancy change of 34kg [30]. Usage of such a system is beneficial 

at high depths and pressures but not cost effective for mass production low depth units. 

To increase the pumping efficiency over a range of depths for variable buoyancy AUV a multiple pump 

system was designed and patented. The design utilizes multiple pumps that have optimum pump 

efficiencies at different pressures. The external pressure on the AUV determines which pump should 

be used and the appropriate valving is redirects fluid to the pump from an internal bladder. The water 

is pumped to an external bladder that inflates to increase the effective volume of the AUV and thus 

its buoyancy. To descend the fluid in the external bladder is allowed to flow back to the internal 

bladder via a high pressure valve [31]. An issue with this type of device is its variable volume which is 

not optimal within an open ocean marine farm. The device also uses a large depth range which is not 

needed for this project. 

A high depth profiling float that can be used at a depth of 6000m uses two glass hemispheres that are 

held together with a partial vacuum to house apparatus to control the buoyancy of the float. The 

buoyancy is controlled using an oil pump that inflates external bladders on the sphere. Additional 

buoyancy may be provided from pumping air from the partial vacuum to air bladders on the exterior 

of the buoy [32]. Such a device is specialised for high depths and would not be optimal for low depths 

and high increases in buoyancy over a long period. 

To vary the buoyancy in a fixed volume self-supported riser a metalized Mylar or polyethylene 

membrane inside a shell is used to separate air from water and prevent the air from dissolving in the 

water at high depths. To change the buoyancy of the riser air can be added or subtracted from the air 

portion of the riser (part 19 seen in Figure 14: Variable buoyancy self-supported riser using an internal 

membrane to separate air from water.[33]Figure 14) to expand the membrane and force water out of 
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the fixed volume thus increasing buoyancy. To ensure that the membrane stays flat on the walls of 

the shell the membrane is weighted with sand or balls [33]. One potential issue with this design is 

biofouling on the interior of the riser that would cause the membrane to be damaged or prevent 

smooth operation over time. 

 

 

Figure 14: Variable buoyancy self-supported riser using an internal membrane to separate air from water.[33] 

2.7.3 Research Papers 

Buoyancy Systems 

An automatic buoyancy control system was tested at the Florida Institute of Technology using PID and 

fuzzy logic controllers. The device that was controlled used four lift chambers that were filled and 

emptied via SCUBA tanks and proportional valves controlled with microcontrollers (Figure 15). The 

mathematical equations used proved that a control system is viable despite the non-linear nature of 

the system. It was also found during testing that solenoid valves had difficulty controlling the buoyancy 

of the system as they were to slow when used with compressed air [34]. 
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Figure 15: Automatic buoyancy control system schematics [34]. 

Work has been undertaken in several papers detailing the control systems for variable buoyancy 

systems [35]–[39]. Further work in this area would not be required for the relatively simple use case 

of the current project in terms of the buoyancy control system and prediction. 

Float Technologies 

The design of a neutral buoyancy float used for the measurement of deep ocean currents uses a float 

body that is less compressible than sea water to increase its buoyancy as it sinks. By weighting the 

float at the surface to make it less dense than surface level sea water the increase in buoyancy as the 

float descends can be used to hold the float a predetermined depth. The amount of weight required 

to hold a 10 kg float at a depth of 1000 m was found to be 0.038 kg during the tests carried out in the 

literature, making the viability of this method of buoyancy control unsuitable for the amount of growth 

that a mussel farm will experience over a 12 month period  [40].  

Autonomous Underwater Vehicles  

Batteries used in underwater AUVs are of interest as they are usually the most limiting factor in 

mission length and the size of the AUV as a larger mission time will require a larger battery supply with 

in turn will cost more [41]. The major battery chemistries for AUVs were considered in a paper written 

by A.M Bradley et al in 2001 with their benefits and downfalls. The different technologies can be seen 

in Table 1 taken from that paper. The paper found that Li ion batteries would be the most suitable for 
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AUV’s in an Autonomous Ocean Sampling Network due to having a long cycle life, can operate in a 

sealed housing and have a good energy density. The paper also describes methods of supervising the 

batteries and power/data transfer [42]. Since the writing of this paper advancements may have been 

made in lithium polymer batteries, which may now be applicable to the task. 

Table 1 Battery chemistries and their characteristics.[42] 

 

AUVs are often required to ascend and descend throughout the course of its mission and often use 

thrusters and fins for pitch and manoeuvrability. Often a multi tank ballast system is used to control 

the pitch of the device and its descent and ascent rate [35], [41], [43], [44]. A study has shown through 

simulation that a hovering system based on blowing and venting ballast tanks using a manned 

submarine is a promising hovering strategy. Accuracy and fast response are the advantages of this 

method of hovering though the reliance on air tanks  are the main issues with smaller AUVs [36].  It is 

stated that many AUVs do not use flow control in their water ballast hydraulic buoyancy system. This 

is due to the limited variety, poor performance and high price of water hydraulic flow rate control 

components such as servo/proportional valves and variable displacement pumps. In addition, the 
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water quality requirements of water hydraulic components poses an issue. Though an experimental 

simulation was carried out that found introducing flow control can improve the hovering performance 

of an AUV especially in situations with unfavourable sea wave disturbances [43].  

Many AUV designs require a large flow rate to adjust their buoyancy quickly in relation to the current 

project in order to provide manoeuvrability to their control surfaces. As such many factors that go into 

the design of an efficient AUV variable buoyancy system require adaptation to a much lower flowrate 

due to the slow growth rate of mussels. Systems such as variable flow rate ballast systems while 

providing better control when hovering will have little effect on the variable buoyancy float design 

due to its extremely small flow rate requirement when increasing buoyancy. The usage of multi tank 

ballast systems in AUVs while widespread is not mandatory for the design of a variable buoyancy float 

due to its static and moored nature. Future work could be done to use multiple tanks to balance 

multiple marine farm backbones in the cases of uneven growth or harvesting. 
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Chapter 3 

 

3 Design Theory 
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3.1 Archimedes Principle 

Buoyancy is the force that drives an object to the surface when placed in water. The principle of 

buoyancy states that “the buoyant force on an object is equal to the weight of the fluid displaced by 

the object” which is also expressed in Equation 1, where ρ, g and V are density of the fluid, gravity and 

volume of the object in water respectively[45]. If the force of buoyancy is greater than the weight of 

the object in air then it will experience a net upwards force, causing it to rise to the surface until 

enough of the object is above the water that the displaced water weight is equal to the weight of the 

object. This is expressed in equation 2 where a positive net force acts upwards, a negative net force 

acts downwards, and W is the weight of the object. 

Filling a hollow object with water increases its density by replacing air with water, this in turn increases 

its weight in air. This allows a hollow object to decrease its buoyancy force by increasing its weight, a 

useful mechanism when used in a variable buoyancy device. 

 𝐹 = 𝜌 × 𝑔 × 𝑉 (1) 

   

 𝐹 = 𝐹 − 𝑊 (2) 

 

3.2 Ideal Gas Law 

An ideal gas has no intermolecular attractive forces, with all the internal energy beginning in the form 

of kinetic energy and all changes in internal energy being accompanied by a change in temperature, 

this is expressed in Equation 3. In the case of slow changes such as with a variable buoyancy float it 

can be assumed that temperature is constant which allows the rearrangement of Equation 3 into 

Equation 4, Boyles Law, where i and f refer to the initial and final states. 

 𝑃𝑉 = 𝑛𝑅𝑇 (3) 

   

 𝑃 𝑉 = 𝑃 𝑉  (4) 

 

These laws are useful in as they allow the calculation of the volume of compressed air in a gas canister 

needed to displace water in a float under water at a given depth. 
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Using Equation 4 it can be calculated that a one litre gas tank at 200 bar can translate to 100 litres of 

air at a pressure of 2 bar (10m below sea level) as seen below.  In this instance 200 bar is the pressure 

of the one litre paintball cylinder acquired for this project and 10m is the working depth of the buoy. 

 𝑃 𝑉 = 𝑃 𝑉  

 

 

𝑉 =
𝑃 𝑉

𝑃
 

 

 

𝑉 =
200𝑏𝑎𝑟 × 1𝐿

2𝑏𝑎𝑟
 

 

 

𝑉 = 100𝐿  

 

As an air volume descends below the surface of the ocean it should be noted that the pressure would 

increase in a system open to the external pressure, which decreases the air volume. To maintain the 

air volume air would have to be added to the system to make up for the compression. The reverse 

happens when an immersed air volume rises, it increases in volume and to keep buoyancy constant 

whether air must be released or recompressed. 

3.3 Economics 

The major upkeep costs of an Open Ocean Marine Farm are maintenance in the form of floating, the 

process of adding more fixed buoyancy floats to a farm to keep up with the increasing weight due to 

growth. The large distance to the farm from port increases the costs of floating over its inshore 

equivalent, with the ability to stay at sea for multiple days to reduce travel time hindered by large 

swells and weather events.  During extended periods of bad weather some farms can potentially sink 

and lose a large portion of crop, while also required vessel time to recover the line from the bottom 

of the sea. For these reasons a float that reduces the number of times a farm needs to be visited and 

the amount of time spent on the farm during the year would have a positive impact on the total 

outgoing costs of a marine farm. An economic analysis was completed as seen in Appendix 8.4, the 

maintenance and travel costs were significant, Open Ocean Aquaculture farms will depend on these 

being minimised to be profitable. Any major changes to the current farming methods will have to be 

costed against an economic model to verify its viability. 
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Chapter 4 

 

4 Conceptual Designs 
 

 

 

 

 

 

Summary 

 Multiple concepts were developed to solve the 

problem of variable buoyancy. These concepts were 

narrowed down to a single solution using a pressurised 

air cylinder. 
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To develop a solution that would fulfil the specifications a range of concepts were brainstormed, 

starting with the potential power sources and their pros and cons. The most promising concepts were 

brought through to a more developed stage before a design was chosen for final development. 

4.1 Power Sources 

Four sources of power were identified for increasing the buoyancy of the float, these were chemical, 

battery, mechanical and compressed air. The power sources and their corresponding pros and cons 

can be seen in Table 2. 

 

Table 2: Potential power sources for use in the variable buoyancy float. 

Power Source Pros Cons 

Battery   Can be used with smart 
system controls. 

 Can be recharged. 

 Susceptible to water 
damage. 

 Environmentally bad 
due to battery 
production. 

 A large number of 
batteries needed. 

 Large recharging 
station. 

Chemical (H2O2)  Uses a power source that 
can be replaced on site 
quickly. 

 

 Safety regulations for 
staff. 

 Storage regulations. 
 Deteriorates over time. 

Mechanical (Springs 
etc) 

 Can be recharged on site. 
 Simple design. 

 

 Potential high energy 
system. 

 Difficult to develop into 
a smart system and 
calibrate. 

Compressed Air  Renewable resource. 
 No electronics needed. 
 No extreme damage 

caused by water. 

 Regulations on servicing 
and inspections. 

 Large volume needed 
for storage. 

 Cost of inspections and 
servicing. 

 



27 
 

From these sources concepts were developed that would fulfil some of the requirements of the 

project, with the intent to cut out those with the most obvious drawbacks. One of the key ideas is that 

the float may or may not be designed to contain pressure or vacuum, or on the other hand may have 

the float internal pressure equal to the external pressure. These concepts can be seen in Appendix 8.1 

with their corresponding pros and cons. From these concepts the three designs with the most merit 

was selected, and basic calculations were carried out in order to determine their suitability for the 

project. 

Modular Insert 

In order to allow any system that was developed to work with an unknown float shape and size, a 

modular bayonet fitted insert that would hold the flotation system components, was proposed as 

seen in Figure 16. The modular system would allow the more delicate components to be housed in a 

smaller vessel that is inserted into a larger float shell, giving the ability to remove them for 

maintenance or repair without having to transport the larger shell to shore. The option to increase 

the number of smart or passive floats dynamically is also streamlined with this design. 

 

Figure 16: Float insert and shell. 

4.2 Finalised Concepts 

4.2.1 Pressure Canister Float 

A flotation system that increases its flotation passively through the mussel growing season was 

conceptualised using a small high-pressure air cylinder. If the interior pressure of the float is kept 

higher than the external pressure this will allow water to leak slowly from the float through a flowrate 

regulated valve to ensure a constant increase in buoyancy over the growing season. A hydraulic 

schematic layout of such a system is shown in Figure 17 with the modular insert design concept shown 
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in Figure 18. The controller box can be either mechanically or electronically controlled to integrate 

with a smart system by controlling the valves. 

 

Figure 17: Hydraulic pneumatic diagram of a compressed air variable buoyancy float. 

 

 

Figure 18: Compressed air float insert. 
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Sample Calculation 

Assuming a float volume of 300 litres the following was calculated, the growth rate of mussels was 

estimated to be constant throughout the year with a total of 20 kg of fouling per float and a maximum 

load of 893 kg per float. Using these values a displacement of 23 L of water was needed per month to 

keep up with mussel growth and fouling. To ensure that water continues to exit the float the net 

pressure must remain positive (acting outwards). To maintain a high enough internal pressure to 

displace water outside the float at a depth of 10m while minimising the compressed air volume a high 

initial pressure was needed for the air cylinder. A cylinder with a volume of 6.7 L was found with an 

internal pressure of 140 Bar, which equates to a volume of 934 L at atmospheric pressure. As can be 

seen in Figure 19 the pressure in the cylinder decreases rapidly in the first 4 months of water 

displacement as the air in the float increases in volume, expelling water. 

 

Figure 19: Pressure change in the 6.7 L, 140 bar air cylinder over the course of the mussel growth cycle. 

At the end of the growth period the internal pressure in the pressure cylinder will have decreased to 

3.2 bar. The cylinder’s release of air into the float shell must be dictated by the external and internal 

pressures to maintain a constant pressure differential between the interior and exterior of the float. 

This ensures a constant pressure load on the float shell while still allowing a water to be removed from 

the float. An airflow regulating valve could is used to regulate the flow of air into the float and maintain 

a constant internal pressure that is about 2 bar above the external pressure on the float.  

The issue of filling the floats with water when deploying the farm would be addressed with the use of 

a large valve that lets water into the float or a large opening for use with a high flowrate hose. 
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4.2.2 Chemical Reaction Float 

A system that uses a gas-producing chemical reaction was conceptualised with the general layout seen 

in Figure 20. The design uses the gas producing reaction of a chemical compound to increase the 

internal pressure of the float and force out the water at a slow rate over the growing season. The flow 

rate of the water could be controlled by the rate at which the chemical compound is dispensed to the 

reaction chamber. An optional control box could also be used to increase the buoyancy at will to float 

the farm for inspection. The chemical would be replenished during seeding of crop by placing set 

amount of chemical inside the refill chamber. 

 

Figure 20: Chemical reaction float powered by H2O2. 

After consultation with a chemical process engineering professor it was decided that using H2O2 would 

be the most viable solution. H2O2 reacts on its own and creates O2 and H2O which will have no negative 

effects on the environment. The reaction normally occurs slowly on its own, but the reaction speed 

can be increased by using a catalyst such as Magnesium Oxide. Typical lab grade H2O2 is at a 

concentration of 30% in an aqueous solution. When in concentrations of 67% or higher the solution 

can superheat the aqueous solution to steam and cause explosions as well as ignite flammable solids 

such as wood, as such for safety a concentration of 30% will be assumed for the calculations that 

follow.  



31 
 

Training as well as personal protective equipment is required to handle H2O2 which is a downside 

dependent on the severity of the training and protection. The storage tank on the farming vessel is 

also required to meet regulations for chemical storage. 

Sample Calculations 

It was found that 934 L of air was needed over 12 months to displace the water under pressure. To 

account for some losses as well as the H2O that is produced a total of 1170 L of O2 was used in the 

calculations to find the total H2O2 needed. At an O2 production rate of 97 L/month it was found that 

8.6 mols of H2O2 was needed per month. At a concentration of 30% 974 grams of H2O2 would be 

needed per month to displace the correct amount of water. Using the molar weight of 34 g/mol a total 

of 11.7 kg would be need over the course of the year. At a cost of 0.54 USD/kg each float would cost 

6.3 USD per year to run.  

To dispense the solution into the reaction chamber a dispenser with the following specifications would 

be needed. 

 Dispense 32 ml per day 

 Work in moving/turbulent conditions 

 Reduce H2O2 degradation while in storage 

 Work under pressure 

 Hold up to 12.7 litres 

4.2.3 Pump Float 

This system is a smart float with the ability to respond to instructions. The start condition is a float 

that is almost full of water with just enough air to maintain positive buoyancy. The pump system 

utilises a small electric pump to displace water from the pre-filled float and increase its buoyancy. This 

would also create a vacuum inside the float so the float must be designed for this. The pump could be 

controlled by the pressure on the exterior of the float (depth) thereby allowing it to be close to 

neutrally buoyant at a chosen depth, as well as be sensitive to an external command to float the farm 

at will. An example layout of the design can be seen in Figure 21. The example layout also includes an 

optional inlet that can let water into the float on the command of an electronic controller to sink the 

float. The vacuum in the float would suck the water in but must not allow air in as well. Another way 

to sink the float would be to have a pump that can run in reverse, but this would also increase battery 

consumption. 
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Figure 21: Example layout of the pump float design inside a modular insert. 

Sample Calculation 

Calculations were carried out in order to determine the battery size needed to run the pump. The 

work required to move a flat plate through a distance of 1m with a cross sectional area of 0.3m2 was 

used as the total work done by the system to empty the float of water. It was assumed that the 

pressure inside the float was a vacuum, making the pressure that the pump has to act against at depth 

to be 3 bar absolute. The force acting on the flat plate was found using Equation 5, where P was 

pressure and A is the cross-sectional area. This gave a value of 61.3kN. The work done was calculated 

using Equation 6, where d is distance travelled. The total force exerted was calculated to be 61.3kJ. 

The work done to float the farm was then multiplied by three to account for three consecutive 

sinking’s and flotations over the season, causing the work done to increase to 183.9kJ. The Amp-Hours 

were then calculated from the work done using Equation 7 where V was the battery voltage (12V). 

The total battery storage was calculated to be 4.26Ah, a conversion efficiency of 35 percent was used 

to find the new battery storage capacity of 12.17Ah. Lead acid batteries of this size were found to 

weigh 4.3kg with dimensions of 151x100x97mm [46]. 

 𝐹 = 100000 × 𝑃𝐴 

 
(5) 

 𝑊 = 𝐹𝑑 

 
(6) 
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𝐴ℎ =

𝑊

3600 × 𝑉
 (7) 

 

 

4.3 Final Concept 

The pressure canister float concept was the concept chosen for final development as it was the 

simplest design with the least number of moving parts. The design was further developed through 

looking into hydraulic and pneumatic systems. Through discussion with a hydraulics expert a number 

of design points became apparent. One point was that at low pressures the size of valves become 

larger, this would present an obstacle in finding components that work at low pressures for liquids as 

most hydraulic systems work at high pressure. The option to design and build custom plastic valves 

would solve this problem as well as potentially decrease the price of the mass-produced product. The 

use of plastic valves would also provide an increased resistance against sea water corrosion.  The 

abrasive qualities of hard particles such as sand and mud could also cause damage to the valves and 

will need to be taken into account in the ongoing valve design. 

One of the major design issues with the pressure canister float is the cost of compressed air tank 

inspections and certifications. The periodic inspection interval for a compressed air cylinder (excluding 

SCBA or SCUBA) is 10 years after which inspections must be carried out every five years [47]. This 

would have a large cost impact on the design after the initial 10 years. A proof of concept device was 

built using off the shelf components as seen in Chapter 5. 

4.4 Open Pressure System 

Due to the inherent dangers of pressure vessels and initial testing completed in Section 5.4.1 it was 

decided that the pressure canister system would evolve into an open system, with the interior of the 

float being open to the ambient pressure outside the float and water being vacated using the 

compressed air cylinder. This would reduce the risk of explosion and decrease the amount of air 

needed to empty the float of water due to the reduced internal pressure as opposed to a system that 

pressurises the interior of the float and maintains a positive pressure differential to the ambient. 

A limitation of the open pressure system is that a fast descent to depth will result in a compression of 

air inside the buoy, decreasing its buoyancy and increasing its rate of descent. This would also occur 

in reverse during ascent as the air expands. There are a number of solutions to this problem including 

a one-way valve to prevent water entering the buoy and compressing the air. This idea has been 
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considered with its limitations being that it would allow forces to act on the outside of the buoy and 

potentially collapse it without significant strengthening of the outer walls. Another limitation to this 

solution is that any type of valve is susceptible to being fouled by organic matter and sediment, a valve 

with a low flow rate applicable to this application does not appear to exist at this time. Another 

solution would be to alter the program to include a rapid increase in buoyancy after initial activation 

that continues until the rate of change of depth is within an acceptable level. 

4.5 Conclusion 

There are several possible solutions to provide a variable buoyancy system. In order to find the best 

solution some of the potential solutions were built and tested to find any underlying issues with the 

design and any further changes that would be needed. 
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Chapter 5 

 

5 Build and Testing of a Variable Buoyancy Marine Buoy 
 

 

 

 

 

Summary 

 The design and build methods for a variable buoyancy 

marine buoy. Validation testing of capabilities with the 

collected results and analysis. 
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5.1 Barrel and Pump Tests and Results 

Initially tests were undertaken to determine the suitability of available tanks for use as floats. A barrel 

was deemed a good item to use as the removable lid would make modifications easier. A 120-litre 

polyethylene barrel as seen in Figure 22 was tested to determine its viability as a testing vessel for the 

air and battery flotation devices. To test it a 12-volt pump was acquired and attached to the barrel via 

gas plumbing attachments. The barrel was filled with 25 and then 50 litres of water before being sealed 

and then evacuated of water via the pump. The barrel was then filled with water again and pressurised 

to determine its suitability as a pressure vessel for testing.  

 

Figure 22:Polyethelene barrel used during testing. 

 

The results and observations of these tests can be seen in Table 3. It was concluded that the barrel is 

not suitable for use as a vacuum chamber due to the large side wall deformation. The findings for the 

pressurised barrel show that the connection of the lid was the weak point as no deformation was 

found in the walls post-test. A test with a more securely attached lid may provide additional results 

although the barrel has already been deemed unsuitable due to being unable to withstand both a 

vacuum and pressurisation. 

The Amp hours were measured to help determine the battery size that would be needed for the pump 

as it was a potential design avenue as opposed to compressed air. As it was decided to move along 

the compressed air route, further use of this data has not been made. 
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Table 3:Results from testing done with polyethylene barrel with test 1-2 being a vacuum test and test 3 being a pressure test. 

Test Volume of Water (litres) Amp hours Observations 

1 25 0.07 

 No discernible change on the 
pressure gauge. 

 Lid of barrel bowed in. 

2 50 0.37 

 Barrel sides and lid severely 
deformed. 

 Pressure on gauges did not change. 

3 Full NA 
 Lid blew off barrel before reaching 

40 psi. 

 

5.2 Build Method and Design 

A more suitable buoy used for the next part of the conceptual testing was a 120L roto-moulded 

polyethylene mussel buoy developed by Ventura Marine Limited as seen in Figure 23. The buoy 

includes two aluminium threaded nozzles, one at the top and one at the bottom (1-inch BSP) these 

are included during the roto-moulding moulding procedure. The buoys are typically pressurised to 

100kPa by using Schrader valves screwed into the aluminium threaded inserts. This float was used as 

the threaded inserts allow attachment of parts to the internals of the buoy without having to pierce 

the float after construction. [Note: During testing it was found that the inserts would come loose from 

the polyethylene when trying to remove male threads resulting in parts becoming permanently 

attached to the buoy unless cut out. Loctite silver anti-seize was applied to the threads during 

assembly but did not aid in removal of the male threads. It is recommended that grease be trialled as 

an anti-seize compound if this style of buoy is used in future designs.] 
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Figure 23: Ventura Marine Limited Super Float. 

A requirement of the compressed air buoy system was that air could be pumped in to force water out, 

to increase the buoy flotation. A concern was that since the float could be moving with wave action 

or might not always be upright, some of this air might escape through the water exit.  To allow water 

to be removed from the float without losing air, a flexible pipe with a weighted end was installed in 

the top thread of the buoy. The weighted end keeps the pipe end at the bottom of the float despite 

movement caused by wave action, which prevents air loss through the opening as shown in Figure 24. 

To ensure the weighted end did not become blocked or stuck against the inside of the buoy a multi-

hole design with a curved end was used as seen in Appendix 8.6. Earlier iterations of the design used 

pressure relief valves as a water outlet but were deemed too unreliable after the testing specified in 

5.4.1 Float Dry Tests and Results. 

Air is inserted into the buoy via the bottom threaded insert then rises to the top of the float as shown 

in Figure 24.  
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Figure 24: Internals of the buoy system. 

5.2.1 Air System 

The air system for the dry and submerged  tests is shown in Figure 25 and the repeated submersion 

tests shown in Figure 26 and schematic form in Figure 27  uses a one litre paintball air cylinder as the 

air reservoir for the buoy though in practice the cylinder size can be changed to be as large or small as 

required, allowing the buoy to be scaled in size to meet the needs of the end user.  

The pressure is stepped down from the storage pressure of up to 200 bar down to 55.1 bar through 

the first regulator and then down to the operating pressure of 8 bar. Eight bar was used as the system 

operating pressure as the Festo pneumatic components used are rated at a maximum pressure of 

10bar. The air passes through two solenoids with an air storage tube connecting them. Solenoid 1 

opens allowing air to pressurise the tube to 8bar before closing, leaving a dosage of air that can be 

used to push water from the float. Solenoid 2 opens allowing the air stored in the tube to flow into 

the float through a check valve that prevents water back flowing into the solenoids. The positive 

pressure created inside the buoy drives the water out through the flexible hose. 
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Figure 25: Air system layout used for dry test and first submersion test. 

 

Figure 26:Air and electronic system used for repeated submersion tests. 

Due to the buoy’s interior being always connected to the outside (atmosphere on land and up to two 

bar if immersed) the pressure will equalise and prevent any pressure forces acting on the buoy. This 

allows the buoy to be scalable in size as the limitations of wall strength are not applicable to an open 

system such as this. While a pressurised or vacuum tank is feasible safety is improved with an open 

system when raising the buoy to the surface as a positive pressure will not be created, which could in 

worst case result in an explosion. 
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Figure 27: Flow diagram of the pneumatic system and how air is pumped to the buoy. 

5.2.2 Electronic System 

The solenoids are driven using a Li-poly and an electrical control circuit, with the processing being 

done with a Teensy 3.5 programmed using Arduino software. The program measures the ambient 

pressure surrounding the buoy which translates to depth and then chooses its course of action based 

on previous measured depths and the current depth as seen in Figure 28. The rate at which the device 

measures the depth can be adjusted in the program to provide a more energy efficient state, where 

it is currently programmed to measure and assess if buoyancy is required every 500 milliseconds.  If a 

buoyancy increase is required to return to the optimal depth range then “climb” mode is activated, 

where the solenoids are activated in sequence to put bursts of air into the float after every depth 

reading until the float gets to the top of the optimum depth range. When the buoy is within its optimal 

range and climb mode is not active it will not inject air bursts until it has dropped outside its optimal 

depth range. 
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Figure 28:Electronics logic for determining action to take. 

The electronics enclosure was designed using standard PVC waste pipe capped at one end using PVC 

Solvent Cement and a standard PVC end cap. The opposing end utilises a specially built aluminium 

flange connected to the pipe using two-part epoxy glue as seen in Figure 29 and Figure 30. The flange 

includes a recess for an O-ring that seals against an aluminium end cap fastened by six M8 bolts to 

create a waterproof enclosure to house the electronics, with the technical drawings shown in 

Appendix 8.6. As non-rated piping was used there is no pressure rating on the enclosure, it is not 

recommended to lower to depths of more than 5m without testing its reliability at the required depth. 
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Figure 29: Top view of the aluminium flange. 

 

Figure 30:Side view of the assembled aluminium flange. 

To hold the pneumatics and electronics inside the enclosure 3D printed mounts were attached to flat 

Perspex to create boards that the electronics could be mounted to and slid into the enclosure as seen 
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in Figure 31. The goal of the 3D printed parts was to reduce potential movement and subsequent 

damage to the air and electronic systems. 

Aluminium bands were placed around the enclosure and the buoy to allow them to be bolted together 

and act in tandem when changing depth as seen in Figure 32 and Figure 33. 

 

Figure 31:Electronics and pneumatics mounted on Perspex and 3D printed parts. 

 

Figure 32:Buoy to electronics enclosure attachment and orientation. 
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Figure 33: Electronics enclosure attached to buoy via aluminium strap. 
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5.3 Initial Setup 

To fill the float water is pumped into the water outlet and the ball valve on the top is opened to allow 

the now pressurised air to escape until water flows from the ball valve signalling that there is no longer 

air inside the float. 

5.4 Performance Validation Tests and Results 

5.4.1 Float Dry Tests and Results 

This version of the design used two pressure relief valves to release water from the buoy before being 

changed to the design specified in 5.2 Build Method and Design. The pressure relief valves were 

situated at the bottom of the buoy and the air inlet at the top as shown in Figure 34.  To ensure the 

float was airtight and the pneumatic system operated as expected a test was carried out outside of 

water. This test was expected to show that water would begin bleeding from the float at an internal 

pressure of 100Kpa (the calibrated cracking pressure of the pressure relief valves) and stop once the 

internal pressure had dropped below 100Kpa, to provide a reliable method of bleeding water from a 

pressurised float. The test would also show that the solenoid system shown in Figure 27 would work 

as expected. 

 

Figure 34:Float system using two pressure relief valves as the water outlet. 
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Step 1 

The float was slung from an overhead hoist by a handle in order to maintain a vertical orientation and 

give water the optimal chance to escape the float. This setup can be seen in Figure 35. 

Step 2 

The float was filled with water through the ball valve located next to the water outlet until the air inlet 

started leaking water. After water stopped being expelled from the float via the air inlet the pneumatic 

system was connected to the air inlet as seen in Figure 35. 

 

 

Figure 35: Float attached to hoist with pneumatic system attached. 

Step 3 

The pneumatic system was engaged and air from the pressurised tank was allowed to flow into the 

float in small bursts as per the design on the system. The pressure from the regulator was set at 

approximately 8.6 bar with the air burst storage using a 2 mm ID pipe at a length of 1050 mm. This 

gave a storage volume of 3.3x10-6 m3 per burst of air. The time intervals used for the air bursts was a 

sleep interval of 1000 ms and solenoid interval of 700 ms, where the solenoid interval specified the 
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time between solenoid 1 and 2 opening to allow the air storage chamber to fill and then empty into 

the buoy. 

 

Figure 36: Pneumatic setup running two solenoids with a 1050 mm hose used as a storage volume. 

Step 4 

The float was pressurised as per step 3 until water started flowing from the water outlet into a 

catchment bucket. After 10 minutes of running the pneumatic system was stopped and the float was 

left pressurised for an additional 20 minutes to allow the water outlet valve to reseat and the pressure 

inside the float to stabilise. 

Step 5 

After the specified time interval, the volume of water in the bucket was measured and the float 

emptied of water via a ball valve in line with the pressure relief valves. 

Results and Discussion 

During testing it was observed that water started dripping from the water relief valves at a pressure 

of 85 kPa. The pressure continued to rise inside the float to a pressure constant of 94 kPa where the 

stream of water escaping the float was more significant. Once the pneumatic system was stopped 

water continued to drip from the valve down to an internal pressure of 70 kPa where the speed of the 

drops was slow but not completely stopped. 

The water expelled over the course of 30 minutes was 3.3 litres total. It was intended that the amount 

of water in the bucket could be used to calibrate the amount of water removed from the float but due 

to the leaking was not used. The continued dripping from the outlet valve once the internal pressure 

dropped below 80 kPa could be due to seating issues with the valve as it is made for use with oil. The 
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lower viscosity and non-lubricating properties of the water could be preventing the seals from seating 

effectively. To remedy this issue the outlet valves could be one of the first parts redesigned for the 

final system. 

The float began dripping water at a pressure of 85 kPa which is 15 kPa lower than the expected 

cracking pressure of 100 kPa. This may be due to the lower viscosity of the water allowing it to bypass 

the seal more easily or due to bad calibration on the pressure gauge, calibration should be carried out 

on the gauge if this method is further investigated. For future tests the relief valve system was 

replaced with a flexible pipe solution detailed in 5.2 Build Method and Design providing a more robust 

and failure free system. 

5.4.2 Float Submerged Tests and Results 

All submersion testing was completed within a 3 metre deep tank built for the purpose with two 

shackles welded to the bottom to provide constraints for the float. The tank can be seen in Figures 

Figure 37-Figure 38 with the scaffolding used during testing to provide a safe work platform when 

placing things in the tank. 

 

Figure 37: Base of the tank, showing structure strength and movement via forklift. 
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Figure 38: Tank in its use position beside a 30ft container. 

To fill the float with water it was turned upside down so that the air inlet was on the top, water was 

then forced through the water outlet (flexible pipe) to replace air in the float. Issues arose with this 

method as when the float was full of water it became extremely hard to manoeuvre with one or two 

people due to the weight. To remedy this issue a ball valve as shown in Figure 24 was added to allow 

the float to be filled through the water outlet without turning it upside down. 

Testing of the float submerged in water was carried out with the pneumatics and electronics detached 

from the float above water and the float submerged below water attached to a load cell as seen in 

Figure 39 and  Figure 40. The load cell allows the increase in buoyancy to be measured as the float is 

filled with air. An S type 200 kg load cell was used to measure the buoyancy with the results being 

saved using LabVIEW. The depth of the float measurements to control the air system were artificially 

controlled using a dial on the electronics system as needed.  
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Figure 39: Layout of load cell and winch in relation to float. 

 

Figure 40: Detached electronics and pneumatic system during test. 
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Step 1 

The float was partially filled with water while open to external pressure and then attached to the load 

cell and pneumatics hose. The float was then pulled under water using the winch as seen in Figure 41. 

 

 

Figure 41: Submerged float with winch pictured to the left. 

Step 2 

After a period at static buoyancy the air supply was turned on and air was allowed to flow into the 

float for 25 minutes. 

Step 3 

After the 25 minutes the sir supply was turned off and the float was retrieved from the water. 
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Results and Discussion 

The floats initial static buoyancy stage ended at approximately 7.5 minutes when the pneumatic 

system was activated. The load in the float steadily increased from 26.7 kg to 35.5 kg over a period of 

25 minutes as can be seen in Figure 42. The increasing pressure shows that the free pipe system works 

when used in an underwater environment.  

 

Figure 42: Increasing buoyancy during first water test. 

5.4.3 Float Submerged Repeatability Tests and Results 

Testing of the final device was repeated to get four consecutive positive results to ensure reliability of 

the electronic system and pneumatic system. The testing was carried out using the same apparatus 

layout specified in Figure 39. The depth ranges for the lower allowable depth was 400 mm and the 

upper limit was set at 200 mm with a dead band of 200mm where no changes in action would occur 

as shown by the dotted lines in Figure 43.  When the pressure sensor goes below 400mm it begins 

increasing the buoyancy of the float, the buoyancy increase only stops when it passes the end of the 

dead band at 200mm. Previous tests showed that due to the low resolution of the pressure sensor 

(±100mm) relative to the testing depth range a 200 mm difference in the depth limits was required 

for consistent tests.  
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Step 1 

The float was assembled with the electronics enclosure attached to the float with an air pressure of 

approximately 100psi set at the air tank regulator. The battery was connected, and the device was 

powered on. 

Step 2 

The float was filled completely with water with the only buoyancy being provided by the electronics 

enclosure. The float was then lowered to a depth of 100mm. 

Step 3 

The float was held at specific depths as shown in Table 4 and visually represented in Figure 43 , where 

the red line represents where the buoyancy increase should occur. The buoyancy force was recorded 

throughout.  

Table 4:Depths the float was held at for the 5 specified time periods and the expected action due to set depth limits. 

Depth of Sensor (mm) Time Spent at Depth (minutes) Buoyancy Action 

100 5 Static 

300 5 Static 

400 5 Increasing 

250 5 Increasing 

100 5 Static 
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Figure 43:Expected depth outputs during repeated testing. (Black shows buoyancy not increasing, Red shows buoyancy 

increasing, and the dotted lines show the dead band). 

Results and Discussion 

During the repeat tests the buoyancy force increased as expected with the electronic system triggering 

a buoyancy increase at 400 mm and maintaining the increase until a depth of 100 mm was reached. 

As can be seen in Figure 44 the buoyancy was static for the first two 5 minute periods  before 

increasing in buoyancy for the next two periods and becoming static again for the final 5 minute 

period. Figure 44 shows irregular spikes in the force at the end of each 5-minute period, these were 

caused by the forces applied to the rope during the depth change as the buoy was lowered and raised 

manually.  

The rate of increase in force varied between tests, this is due to a difference in the air pressure settings 

on the regulator, which resulted in more air per burst being sent to the buoy. The accuracy of the 

controls on the regulator limited the consistency that the pressure could be set at. While this did affect 

the buoyancy forces during testing it would not have a negative impact upon the buoy in application 

as the upper depth limit would be reached faster and therefore the less air burst would be applied to 

the buoy. The resulting effect of this would be that less air bursts are applied, which could be used to 
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reduce the power used during operation by decreasing the number of times the solenoids are required 

to activate. 

  

  
Figure 44: Buoyancy force enacted by the buoy on the support during five period test. Top Left: Test 1 Top Right: Test 2 

Bottom Left: Test 3 Bottom Right: Test 4 

It can be seen in Figure 45 that the depth readings are similar to the projected readings in Figure 43 

with key differences being the depth readings switching 0.1  m either side of the actual depth. This is 

caused by the resolution of the depth sensor, which is ±100 mm in its current configuration. This 

caused some problems during initial tests as the depth limits were set 0.1m apart which caused to 

device to intermittently switch from on to off. Increasing the depth limits to have a greater than 0.1m 

difference in depth fixed the problem. During real world application this limitation of the depth sensor 

would not cause an issue as greater depth increments would allow for a larger difference in the depth 

limits as opposed to the testing tank where the depth of the water did not allow a larger range to be 

used. If a smaller tolerance is required a sensor with a better resolution is needed. The initial readings 

of 0m are caused by the activation of the device before deployment in the water, with first readings 

of water depth starting at between 10 and 20 minutes when the device is deployed. 
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Figure 45: Depth of the buoy recorded by the pressure sensor during the five period test. Top Left: Test 1 Top Right: Test 2 

Bottom Left: Test 3 Bottom Right: Test 4 

5.4.4 Float Submerged Long Time-Period Tests and Results 

To ensure that the buoy wasn’t increasing in buoyancy from air bypassing the solenoids when they 

are closed, a long time period test was carried out. The buoy was submerged to a depth of 400 mm 

with the air turned on and the battery turned off to simulate a long period where no buoyancy increase 

is required.  Over the course of 5 days 3 measurements of the buoyancy force were taken on days 

one, two and five. The force was recorded over a period of 80 seconds with the average being the 

value used to ensure that there were no irregularities due to factors such as wind moving the water’s 

surface, which could cause the float to move and give fluctuating results. 

Results and Discussion 

The buoyancy force experienced minimal change over the five day period measured with an accurate 

load cell that reads to 6 decimal places, the initial measurement of 56.65N decreasing to 56.29N after 

two days and then increasing to 56.99N after another three as seen in Figure 46 [Note: the 

temperature on day 5 was noted to be hotter than previous days]. The decrease in buoyancy force 
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would indicate that other factors can affect the measurement such as ambient air pressure, 

temperature and rope stretch.  Of these factors’ temperature would be the most significant as an 

increase in temperature would increase the pressure of any air in the buoy, which could force water 

from the float and decrease its density, thus increasing its buoyancy.  

An observation after the test was concluded was that pressure had built up inside electronics 

enclosure, causing air to flow from it when the flange seal was opened. This could be due to a small 

air leak in the tubing joints inside the electronics enclosure or could be caused by an increased 

temperature on the day of opening. Any further testing should include air pressure and temperature 

measurements from the times the buoyancy is measured.  A continuous measurement of those 

variables in conjunction with a continuous measurement of the buoyancy force would constitute a 

more robust test. 

 

Figure 46: Change in buoyancy force over a 5-day period with electronics disabled. 
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Chapter 6 

 

6 Conclusions and Future Work 
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6.1 Conclusions 

The aim of this project was to develop a variable buoyancy float for Open Ocean Aquaculture in New 

Zealand, with focus being on a solution that has year-long independence and is robust in volatile 

conditions. A range of concepts was developed with the relatively simple solution, a float using a 

pressurised air canister to remove water from a float, being chosen as the final design for a proof of 

concept. The system worked through injecting air into a float filled with water. The water was then 

displaced slowly with increased internal pressure and releasing water into the ambient environment. 

This decrease in overall density of the float increased its buoyancy. To control the buoyancy of the 

float, an electronic solution was designed that fed a measured dosage of air into the float when it fell 

below its ideal set depth range, continuing to feed air in, until it reached the upper limit of the range. 

The solution provides a method of variable buoyancy that is relatively safe from pressure build up as 

the internals of the float are open to the ambient pressure. The only pressurised part of the system is 

the compressed air tank. 

 While this system has been useful for the initial experimental work, it is not suggested that this 

particular buoy would be able to maintain its depth if left to freely float in the ocean. The reason is 

that the open pressure system is susceptible to descent or ascent runaway due to compression or 

decompression of air in the buoy. These runaway effects can be mitigated using an appropriate rope 

constraint layout, that would limit the range of any runaway. These runaway issues do not occur on 

the buoys that are designed to sustain vacuum or pressure difference.  

The system was tested multiple times to ensure reliability, with positive results. The float system was 

able to increase its buoyancy when brought below its set depth range and become static once reaching 

the upper limit of the range. A “long-term” test was carried out over five days to determine if the air 

system leaked air and passively increased buoyancy over time.  Although the buoyancy increased it 

also decreased at other points in the test, showing that some variables were not considered. The small 

amount of buoyancy increase could have been due to temperature differences and so further testing 

is required to ensure the air tightness of the system. These results prove the viability of the float as a 

proof of concept with further development required for a more robust production model. 
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6.2 Points to Note for Future Work 

Wave and Tidal Action 

A perceived issue is the effect that fluctuating depth readings caused by wave or tidal action would 

have regarding the buoyancy control. When a wave crest is over the top of the float the effective 

depth would read deeper than the average depth, theoretically causing the float to rise above the 

ideal depth range. However, the current program applies one burst of air to the float for each depth 

measurement taken, so that the float will only rise a small amount before reassessing its current 

depth. Statistically the float will record depth at the same number of wave troughs as wave crests over 

an extended period. This will prevent the float from excessively rising above the depth range 

depending on the layout of the anchoring system. Changing the program to average the depth over 

several measurements is a much more robust solution that would prevent the float from slowly rising 

if the crop load never increased. This option is recommended and could be implemented with minimal 

effort to reduce the amount the buoy could leave the ideal depth range and can be included in future 

work on the buoy control system.  

Electronics Enclosure 

The current design of the buoy uses a depth sensor rated for use at 413.7kPa giving the buoy a 

maximum operating depth of 41.37m from an electronics perspective. The limiting factor for the 

operating depth of the current iteration of the buoy is the strength of the electronics enclosure. The 

enclosure being a sealed system will experience the full pressures applied by the water surrounding 

it.  With the material it is constructed from being unrated PVC piping its failure point has not been 

quantified and it is recommended that before any deep water testing the electronics and compressed 

air system are moved to a stronger enclosure that can withstand the pressures applied by deep water.  

Future Electronics Enclosure Design 

Integration of the electronics and air enclosure into the main body of the buoy will be a major 

development moving forwards, as it will allow the entire system to be protected by the buoy body. 

Orientation of the system on a farm will be simpler as no delicate parts will be hanging external to the 

float to be tangled. It is recommended that a quick release system be used to separate the entire air 

and electronics system from the buoy for easy replacement of parts and maintenance. 

Leak testing apparatus should be used to find any air losses in the system before long term testing to 

ensure the electronics enclosure maintains its structural stability and that the limited air supply is not 

wasted. 
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8 Appendices 

8.1 Float Concepts 

Project: Variable Inflation 

Float Pressurised Float 

 

 

 

Summary: 

This concept uses the shell of the float as a pressure vessel to evacuate water and decrease the 

weight of the float. The high pressure forces out the water through a bleed valve with a constant 

flow rate. The design requires that the float be filled with water and then pressurised with a set 

volume of air in order to force out the water. 

Pros: 

 Simple operation  

 No electrical components 

 Minimal moving parts 

 Can be adapted to a smart system with a battery 

Cons: 

 Regulations on pressure vessels will cause the shell to be expensive and heavy 

 Operationally dangerous 

 Regular inspections of the shells 
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Project: Variable Inflation 

Float Battery Powered Pump  

 

 

Summary: 

This concept utilises a battery to run a small pump, which removes water from the float 

depending on the external pressure acting on the float or an electronic controller. The flow rate 

through the pump is low due to the large time period that the float will be in operation. As the 

water is pumped out of the float a vacuum will be formed requiring that the shell be able to 

withstand two atmospheres of pressure acting on the exterior. The pump can be set up to 

decrease the buoyancy of the float by allowing water into the float. 

Pros: 

 Easily used as a smart system 

 Fine control of buoyancy 

 The battery can be used to control the whole system 

Cons: 

 Battery and electronics are sensitive to moisture 

 Pump and moving parts will require maintenance 

 The small pump may not be able to handle particulate passing through it 

 Non static bearings 

 Battery needs to be charged/ replaced 
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Project: Variable Inflation 

Float Chemical Reaction Float 

 

 

 

Summary: 

This concept uses Hydrogen Peroxide’s (H2O2) reaction when in the presence of a catalyst to 

produce oxygen, which increases the pressure in the float to force out water in a water filled 

float. The other by product of the hydrogen peroxide reaction is water which will not harm the 

environment. The chemical will be administered to the catalyst in set amounts throughout the 

mussel growth cycle allowing a known amount of oxygen to be created, which will force out a 

known volume of water. This concept can also be used in conjunction with a battery to 

administer a variable amount of hydrogen peroxide depending on the growth rate of the 

mussels. An automatic mechanical administer can be used for a simpler system where a smart 

system is not needed. 

Pros: 

 Recharged on site with a known amount of powder or liquid 

 No large seals 

 Can be adapted to a smart system with a battery 

Cons: 

 Regulations on chemical storage 

 Training required for staff to handle the chemicals 

 Hydrogen peroxide deteriorates (reacts) over time in storage 

 Large regulated storage container required on the mussel vessel 

 Water incorporated into the chemical during recharging can alter the solution 

concentration and make it react at an unexpected rate 
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Project: Variable Inflation 

Float Pressure Canister Float 

 

 

 

Summary: 

This concept uses a canister of compressed air to increase pressurise the inside the float shell 

to displace water. The canister is mounted inside the float and releases air through a pneumatic 

valve. The air released inside the float will displace water through a flow regulation valve to 

create a known buoyancy increase over the course of the mussel growth season.  

Pros: 

 Can be adapted to a smart system with a battery-operated valves 

 Uses a renewable resource 

 Small number of moving parts 

 No large seals 

Cons: 

 Certification and inspection of cylinders 

 High cost of cylinders 

 Particulates in water flow may cause problems with valves 

 Will require custom valves for the low pressures 
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Project: Variable Inflation 

Float Expansion Float 

 

 

 

Summary: 

The concept behind this float is to increase it’s volume through the use of a ram. The ram is 

powered by an electric motor, which increases the length of the float. The increase in length 

can be facilitated by flexible ends that are held onto the end of the float. The ends are sucked 

into the end of the float during the initial stages of mussel growth and throughout the growth 

period are pushed out with the ram. The float could also use solid ends with a linear seal. 

Pros: 

 Water is not allowed inside the float 

 Can be used as a smart system ( controlled by electronic sensors) 

Cons: 

 Large seals increase leaking risk 

 Electronics are sensitive to water 

 Battery needs to be replaced/charged 

 Extension is limited by floats smallest length 

 Expensive parts 

 Fatigue of the flexible ends 
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Project: Variable Inflation 

Float Rotational expansion Float 

 

 

 

Summary: 

The increase in volume cause by the increased length of this float causes a change in buoyancy. 

This float uses a thread and a motor to unwind one end of the float to increase its volume. The 

increase in volume can be controlled by sensors and a controller. 

Pros: 

 Variable flotation in both directions 

Cons: 

 Change in buoyancy limited by initial size of float 

 Large friction area in thread 

 Electronics sensitive to water 

 Requires a battery to be charged/replaced 

 Large moving seals increase the risk of leaks 

 Change in length is non-standard and may cause compatibility issues 

 Has to cope with pressure and vacuum 
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8.2 Bi-stable Farm Design 

The Bi-stable system was a farming system that was devised during a workshop in January 2017. The 

initial calculation for the system was to determine the buoyancy required to hold the farm in water 

column under current loading. An Excel spreadsheet was used for this, with the resulting graph shown 

in Figure 47 simulating the farm under a current load of 0.3 m/s. 

The system has evolved through a variety of different iterations since the initial design with the use of 

Orcaflex, an ocean structure modelling software used by the team at Cawthron. This software 

determined that when under both current and wave loading the Bi-stable structure would become 

tangled on itself. The final design iteration that has been decided upon and tested in the software is 

the T float system which can be seen in Figure 48.  

 

Figure 47: Bi-stable system under a current load of 0.3 m/s 
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Figure 48: Orcaflex model of the T float system. (Malcolm Smeaton) 

8.3 Shellfish Tower Farm Design 

In addition the float design work has also been completed on the Shellfish tower which was one of the 

initial farm concepts developed during a workshop in January 2017. The work completed on this 

includes an input of conceptual ideas and the design calculations for the structure. An Excel spread 

sheet was used to determine the flotation required for the design to ensure it did not float in close 

proximity to the seabed when under water current loading.  

Additional calculations were completed to size the components of the system before being signed off 

by a professional engineer and constructed. An image of the structure as it will be built can be seen in 

Figure 49. 

 

Figure 49: Shellfish tower model as it will be built. 
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8.4 Economic Analysis 

An economic analysis was carried out to compare the profitability of the current inshore farming 

methods with the current of shore farming methods. Advice was sought from industry partners to get 

accurate estimations of setup and ongoing costs of the farms.  Ongoing costs included boat time, spat 

and water rental. Setup costs included farm hardware and labour. The inshore system profit was 

divided by 1.5 to account for an eighteen-month growing cycle as opposed to 12 months offshore, 

with the first year not yielding any profit. The cumulative profit per tonne of mussels produced 

compares the profit made on each tonne produced since the initial investment, this gives a fair 

comparison regardless of rental area or line length. The equation can be seen in equation 8. The 

current offshore system is estimated to make half the profit per tonne as the current inshore systems 

as seen in Figure 50. This is primarily due to increased maintenance costs offshore, with maintenance 

per tonne costing 519 NZD for the inshore system and 847 NZD for the offshore.  

 

 𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑃𝑟𝑜𝑓𝑖𝑡 𝑃𝑒𝑟 𝑇𝑜𝑛𝑛𝑒 =
     

   
 (8) 

 

Figure 50: Cumulative profit per tonne over a 20-year design lifetime of 450 mussel lines. 
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8.5 Parts Tables 

Table 5: Pneumatic components from suppliers 

Description Supplier Part Number Quantity 

Solenoid 24V Festo 560697 2 

Solenoid Plug Festo 566654 2 

Water Catcher Festo 526299 1 

Water Catcher Mount Festo 526317 1 

Plastic Tubing 4mm Festo 197376 4m 

Silencer Festo 165003 1 

1/4” 4mm Insert Fitting SMC KFH04-02S 2 

1/8” 4mm Hose Nipple SMC M-01H-4 7 

M5 4mm Hose Nipple SMC M-5H-4 4 

Check Valve 1/8” SMC AK2000-01 1 

Push in Bulkhead  Festo 578299 1 

1L Paintball Cylinder  GladiatAir A62 1 

Regulator  GladiatAir R3000A 1 

Stage Two Regulator Amazon B07D81F4NT 1 

Remote Line W/ Slide Check Paintballshop.co.nz N/A 1 

 

Table 6:Major electronic components from suppliers. 

Description Supplier Part Number Quantity 

Teensy 3.5 Digi-key 1568-1443-ND 1 

Pressure Sensor (116CP31-M04S2-50) Digi-Key 1862-1112-ND 1 

 

Table 7: Electronic enclosure and float parts from suppliers. 

Description Supplier Part Number Quantity 

Float 120L Oblong Double Valves Ventura Marine Ltd 120L 1 

Electronics Enclosure Body Mico Plumbing 688960 0.2 

End Cap Mico Plumbing 503111 1 

Pressure Cement Mico Plumbing 726668 1 
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8.6 Technical Drawings 
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